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Javier S. Tellechea and Walter Norbis (2012) Sexual dimorphism in sound production and call characteristics
in the striped weakfish Cynoscion guatucupa. Zoological Studies 51(7): 946-955. Within the family Sciaenidae,
the genus Cynoscion is composed of 25 species, but sound production in the striped weakfish C. guatucupa
has not been documented. The striped weakfish possesses sexually dimorphic bilateral sonic muscles used for
sound production which is associated with spawning and disturbance calls. The bilaterally paired muscles lie
on the inner body wall of the male, surrounding the swimbladder. Positive identification of advertisement calls
in captivity were identified with spawning activity in the field. We found that advertisement calls recorded in the
field were similar to voluntary calls recorded in tanks during the spawning season. In captivity, advertisement
calls had an average pulse duration of 28.8 ± 7.04 ms, an inter-pulse interval of 219.1 ± 83.7 ms, and a
dominant frequency of 457 ± 19.6 Hz in the spawning season. Striped weakfish advertisement calls were not
detected in the non-reproductive season, but fish did produce disturbance calls when exposed to disturbance
stimuli. Disturbance calls consisted of a burst of pulses produced at short intervals with an average pulse
duration of 7.35 ± 1.63 ms, an inter-pulse interval of 20.2 ± 1.75 ms, and a dominant frequency of 484 ± 38.6 Hz.
The number of pulses produced for disturbance calls was significantly greater (Mann-Whitney test, p < 0.05)
than those for advertisement calls. The pulse duration and inter-pulse interval increased as the dominant
frequency decreased with fish size. The relationship between the dominant frequency (of disturbance calls)
and total length (TL) showed a breaking point at 17 cm TL and corresponded to sexually immature individuals
of 1-2 yr old. This break point value was related to the size-age spatial segregation of the species in the study
area, whereby juveniles (< 2 yr old) inhabit brackish, warmer waters in the shallowest portion of the Uruguayan
coast. http://zoolstud.sinica.edu.tw/Journals/51.7/946.pdf
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with spawning activity (Guest and Lasswell 1978,
Mok and Gilmore 1983, Saucier and Baltz 1993,
Rountree et al. 2006, Luczkovich et al. 2008,
Gannon 2008).
Sciaenid males produce species-specific
courtship ‘‘drumming’’ sounds at spawning sites
(Fish and Mowbray 1970, Mok and Gilmore 1983,
Connaughton and Taylor 1995 1996, Luczkovich
et al. 1999, Tellechea et al. 2010 2011). Welldeveloped extrinsic sonic muscles that surround

any fish produce species-specific sounds
(Fish and Mowbray 1970, Fine et al. 1977, Myrberg
1981) associated with aggression, aggregation,
fright, and reproductive behavior (Winn 1964).
The Sciaenidae (drums and croakers) is one of
the largest families of sound-producing teleosts,
including 270 species within 70 genera (Chao
1986). Sound production has been associated with
sciaenids since before the turn of the 20th century
(Smith 1905, Tower 1908), often in association
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the swimbladder stimulate sound production
(Tavolga 1964). Sonic muscles are often found
in close association with the swimbladder, which
vibrates with the contraction of these muscles,
thereby producing sound. These spawning-related
sounds and use of passive acoustics (Rountree
et al. 2006, Lowerre-Barbieri et al. 2008, Walters
et al. 2009) have been used by scientists and
fisheries managers to delineate areas where
spawning occurs (Luczkovich et al. 2008). Sonic
muscles fall into 2 categories: intrinsic, which
originate and insert on the swimbladder wall;
and extrinsic, which may be associated with the
swimbladder but are not part of the bladder wall
(Tavolga 1964).
The striped weakfish, Cynoscion guatucupa
(Sciaenidae; Cuvier 1830), is a demersal coastal
marine species (found in conditions of 27-33 psu
and 11-17°C), distributed along the western
Atlantic Ocean from Rio de Janeiro, Brazil
(22°S), to the San Matias Gulf, Argentina (43°S),
(Menezes et al. 2003, Cousseau and Perrota
2004). This nectopelagic species is one of the
most important coastal Uruguayan-Argentinean
and Brazilian fishing resources captured by bottom
trawlers throughout the year (Ruarte et al. 2004,
Norbis et al. 2006, Villwock and Haimovici 2007).
The annual catch in Argentina and Uruguay
was approximately 12,000 tons in 2010 with an
estimated average annual catch of approximately
14,600 tons for 2001-2010 (www.ctmfm.org).
This species spawns multiple times during its
reproductive season, which occurs between Oct.
and Apr. and peaks in spring and early autumn
(Cassia 1986, Viera and Haimovici 1997, Militelli
and Macchi 2006). Total length (TLs) at 1st
maturity of 30.66 cm in Dec. and 27.20 cm in Mar.
were estimated among both sexes (Millitelli and
Macchi 2006). The age-class distribution pattern
of striped weakfish is influenced by a combination
of physical conditions (salinity and temperature)
and biological characteristics (migration and
reproduction). During spring, individuals of
older age-classes inhabit deeper zones of the
marine coastal area (more saline), while younger
individuals inhabit shallower outer estuarine areas
(Jaureguizar et al. 2006).
Within the family Sciaenidae, the genus
Cynoscion is composed of 25 species. Several
authors reported and analyzed sound produced
by a few of these species (Fish and Cumming
1972, Mok and Gilmore 1983, Connaughton and
Taylor 1995, Connaughton et al. 2000 2002b,
Locascio and Mann 2008), but sound production
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in the striped weakfish has not been documented.
The aim of this study was to characterize sound
production by the striped weakfish in relation to fish
size and sex and to examine the gross structure of
the swimbladder muscle.
MATERIALS AND METHODS
Sound recording
Sounds from the striped weakfish were
recorded between Sept. 2008 and June 2009,
including the spawning season (27 d in the
spawning season and 34 d outside the reproduction
season). We analyzed sounds recorded from
captive fish (n = 385 sounds) and from 9 stations
in the field (n = 92 sounds). At each recording
station, we recorded sounds at different times of
the day (2 d per station): morning (07:00-11:00),
midday (12:00-16:00), and late afternoon-night
(18:00-24:00). We also collected temperature and
salinity data at all stations. Recordings in the field
were taken with a mobile hydrophone at the fishing
ground in the Rio de la Plata estuary and in the
Atlantic Ocean at likely spawning areas on board
the R/V Aldebaran, operated by Dirección Nacional
de Recursos Acuáticos (DINARA), Uruguay, on
the inner continental shelf (at a depth of < 30 m)
at different points along the Uruguayan coast
(Solymar, Parque del Plata, Punta del Este, and
La Paloma; Fig. 1). Once recordings were taken
at selected points in the field, we conducted fishing
trawls to verify that the species recorded was the
striped weakfish.
Sounds from captive fish were recorded
on board the research vessel with the engine
off. Captured fish were kept alive on board in
3000-L canvas tanks (3 × 1.5 × 0.60 m) with in
situ estuarine water from the Rio de la Plata or
ocean water from the coastal zone, inside and
outside the reproductive season (reproduction
season, at Rio de la Plata, 23°C and 20 psu
salinity; in the Atlantic Ocean, 23°C and 20 psu
salinity; non-reproductive season, at Rio de la
Plata, 13°C and 15 psu salinity, in the Atlantic
Ocean, 11°C and 22 psu salinity). For recording,
individual fish were transferred to 1000-L canvas
tanks (1 × 1 × 1 m) using a hand net, and the
hydrophone was placed 1 m from the fish. Striped
weakfish emit disturbance calls when held in
the hand as do other sciaenids, i.e., weakfish C.
regalis (Connaughton et al. 2000) and whitemouth
croaker Micropogonias furnieri (Tellechea et al.
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2010). Each individual was exposed to 2 stimuli
that evoked disturbance calls 1) grabbing them
by the tail or otherwise handling them, and 2)
casting a shadow over the surface of the tank. For
each individual recorded, sex was determined by
dissection, and total length (TL) was measured
to the nearest 1 cm. In addition, the maturity
stage was determined macroscopically according
to a maturity key adapted from Vizziano (2002)
for sciaenid fishes. Animal care protocols
were approved by the Comision Honoraria de
Experimentation Animal (CHEA), Univ. de la
República, Montevideo, Uruguay.
Sound analysis
Recordings were made with a hydrophone
built in the laboratory (with a sensitivity of - 40 dB
re: 1 µPa and linear from 20 Hz and 60 kHz).
Recordings were made on a digital TASCAM HDP2 recorder at a sampling rate of 44.1 kHz. The
sound was analyzed using Audacity free software,
vers. 1.2.3 (Mazzoni 2006). Power spectra
were calculated using a 1024-point fast Fourier
transformation (FFT) with a Hanning window. The
pulse duration, dominant frequency, and interpulse interval (time between the end of a pulse and
beginning of the next pulse) were also measured.
Statistical analysis
Throughout the text, results are presented as
the mean with the standard deviation (± S.D.). The
pulse duration, inter-pulse interval, and dominant
frequency for calls emitted by fish in captivity
and in the field were compared using Student’s
t-tests, Student’s paired t-tests, or nonparametric
M ann-Whitney tests if parametric assumptions
were met (Sokal and Rohlf 1995). Relationships
among the mean pulse duration, pulse interval,
and TL were analyzed using linear regressions
(Sokal and Rohlf 1995), while the relationship
between the dominant frequency and TL was
analyzed using a segmented linear regression
with 1 breakpoint (BP) using the free software,
Segreg (Oosterbaan 1994). This model can be
used when datasets exhibit 2 or more different
linear relationships within 2 or more ranges of
the same dataset (Neter et al. 1990). We also
fit logarithmic and exponential models to the
same data and compared model fits. We tested
the null hypothesis of no significant differences
between the induced stimuli for the 3 variables that
characterized sound with Student’s t-test (Sokal

and Rohlf 1995). For this analysis, we used PAST
(vers. 2.04), a free statistical software package
(Hammer et al. 2001). In all tests, the significance
level used was p = 0.05.
RESULTS
Sound production
Calls were recorded from 45 captive males
obtained from 9 stations in the field, with 16
males recorded outside the spawning season
(disturbance calls), and 29 males recorded during
the spawning season, of which advertisement
calls were recorded from 9 males as well. Female
striped weakfish did not emit sounds. Dissection
of the 45 males recorded and 45 females indicated
that only males possessed sonic muscles and
produced sound.
During Jan. (spawning season) a voluntary
train of pulses was recorded only for mature
spawning individuals (n = 9) in tanks. We verified
that individuals of ≥ 25 cm TL were mature
spawning (running-ripe) by the release of sperm
when stripped. These 9 fish were acclimatized
on board for 12 h in tanks, after which we began
recording sounds. The water temperature and
salinity in the tanks were the same as those at
the site of field recordings. Advertising calls were
heard when fish swam freely, alone or in groups,
in experimental tanks with females, as males
continued producing advertisement calls when
females were near. After 2 h of recording captive
fish, the 2 sexes were in spawning condition
(running-ripe, i.e., males release sperm and
females release hydrated oocytes when stripped).
Advertising calls consisted of a series of individual
pulses that occurred at an average of 219.1 ±
83.7 ms (Fig. 2A). The average pulse duration
was 28.8 ± 7.04 ms, the dominant frequency was
457 ± 19.6 Hz, and the number of pulses was 4.44
± 1.66 (Table 1).
Field and captivity studies indicated a close
link between male voluntary drumming behavior
and reproductive activity. In the Rio de la Plata
coastal estuary (Parque del Plata and Solymar, at
23°C and 20‰ salinity) and on the Atlantic coast
(Punta del Este and La Paloma, at 18°C and 30‰
salinity) striped weakfish were recorded during
part of their spawning season (from Jan. to Mar.)
in shallow inshore waters (at depths of < 15 m;
Fig. 2B). Outside of the spawning season, we did
not detect this call in the field or in captivity, while
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choruses of advertisement calls were heard and
recorded in the night (20:00-24:00) in captivity
and in the field. After each recording session, we
verified the presence of C. guatucupa by netting.
No significant differences in the pulse duration
(pulses n = 40 p = 0.81) or dominant frequency
(p = 0.58) occurred between advertisement
calls in captivity and in the field (Table 1). The
pulse interval and number of pulses could not be
distinguished in field recordings due to overlapping
sounds (Fig. 2).
Confirmation of sounds recorded in the
field and the role of these sounds in spawning
were examined among captive striped weakfish.
Advertisement calls were emitted naturally by
males only during the spawning season. Outside
the spawning season, males did not emit this
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sound naturally, and disturbance calls were emitted
only when subjected to the aforementioned stimuli.
The striped weakfish was the dominant fish (> 80%
of the catch with respect to other fish species)
caught in trawls after field sound recordings.
Disturbance calls were produced when
fish were exposed to the 2 stimuli. This call
was recorded among males under such stimuli
in the non-reproductive season (n = 36) and
in the spawning season (n = 9). We analyzed
a total of 128 calls, with a total of 1350 pulses
from 45 fish. The disturbance call is a train of
pulses, and the number of pulses per burst varied
from 12 to 47, with each specimen emitting 1-4
bursts per call (Fig. 3). No significant differences
in the pulse duration (p = 0.63), pulse interval
(p = 0.93), or dominant frequency (p = 0.35) were
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Fig. 1. Map of the study area showing locations where sounds from fish aggregations were recorded and where trawls took place
along the Uruguayan coast.
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Fig. 2. (A) Oscillogram of the advertisement call of a captive male (24 LT) and a typical spectrum of a single pulse indicating the
dominant frequency (with a Hanning window and a fast Fourier transformation size of 1024 points). (B) Oscillogram of a drumming
chorus recorded in the Atlantic Ocean, and a single expanded pulse indicating the duration and dominant frequency (with a Hanning
window and a fast Fourier transformation size of 1024 points).
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found between the 2 stimuli (t-test). Pulse trains
consisted of approximately 4 cycles with the
most energy occurring in the 2nd and 3rd cycles,
and the 4th and 5th cycles were often greatly
attenuated (Fig. 3C). The average duration was
7.35 ± 1.63 ms, the interval was 20.2 ± 1.75 ms,
and the dominant frequency was 484 ± 38.6 Hz for
fish recorded in captivity on board the vessel (Table
2). No significant differences in the pulse duration
(p = 0.06), pulse interval (p = 0.08), or dominant
frequency (p = 0.52) were found between fish that
emitted disturbance calls in the non-spawning

1.0 (A)

season (n = 16) versus during the spawning
season (n = 29). However, the number of pulses
produced by disturbance calls (n = 45 fishes)
were significantly greater (Mann-Whitney test,
p < 0.0001) than those produced by advertisement
calls (n = 9 fishes; Fig. 4).
Relationships of TL with the pulse duration
and TL with the pulse interval both showed linear
tendencies (Fig. 5). However, the relationship
between the dominant frequency (Df) and TL
indicated that 2 phases were separately fit by
segmented linear regressions with a BP at

3.0 s

Pulse duration

- interpulse interval

0.5
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Fig. 3. A disturbance call oscillogram (A) of a 28 LT male with the uncalibrated relative amplitude on the Y-axis, (B) sonograms using
the Hanning window function and a fast Fourier transformation size of 1024 points, and frequency on the Y-axis; with a single expanded
pulse (C) indicating the duration and dominant frequency at 475 Hz.

Table 1. Average, standard deviation and range of call characteristics for the advertisement call
(* : impossible to obtain data by the overlap of the pulses in the field)
Male captive recordings (n = 9)
Pulses (n = 40)

Average

S.D.

Minimum

Maximum

Pulse duration (ms)
Interpulse interval (ms)
Dominant frequency (Hz)
Number of pulses

28.8
219.1
457
4.44

7.04
83.7
19.6
1.66

14
97
423
3

35
344
476
8

Males (n = 40 pulses)

Average

S.D.

Minimum

Maximum

Pulse duration (ms)
Interpulse interval (ms)
Dominant frequency (Hz)
Number of pulses

28.6
*
434.4
*

4.72
*
31.8
*

12
*
366
*

37
*
489
*

Field recordings

Tellechea and Norbis – Sound Production in Striped Weakfish
40

17.08 cm TL (Fig. 6). The Df decreased from
575 to 478 Hz (r1 = -0.82; p < 0.05) before the BP
(17.08 cm TL) and then decreased at a slower
rate among larger individuals (r2 = -0.83, p < 0.05;
Table 3). The relationship between Df and TL was
fit by the logarithmic model Df = -116.39 ln(TL) +
855.67 (r 2 = 0.81) and by the exponential model
Df = 619.36 e-0,0098(TL) (r 2 = 0.78). The relationship
between Df and pulse duration (Pd) was fit by a
logarithmic model Df = -146.35 ln (Pd) + 780.85
(r 2 = 0.68) and an exponential model Df = 65786
e-0,039(Pd) (r 2 = 0.67). We only discuss results from
the segmented linear regression as the error
distributions in the logarithmic and exponential
models showed a BP and a clear change in trends
delineated by data points.
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(40)

5
0

Spawning call

Disturbance call

Fig. 4. Pulse number box plot (mean + standard deviation) by
call, either an advertisement call or disturbance call. Sample
sizes are indicated above the bars in parentheses.
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Fig. 6. Relationships of the dominant frequency with the total
length (L T), and of the dominant frequency with the pulse
duration (see text and table 2) of disturbance calls.

Table 2. Average, standard deviation and range of call characteristics for the disturbance call

Pulse duration (ms)
Interpulse interval (ms)
Dominant frequency (Hz)
Number of pulses

Average

12

Pulse duration (ms)

Fig. 5. Relationships among the pulse duration, interpulse
interval, and total length (LT) for disturbance calls.
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12
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Sonic muscles
The striped weakfish possesses sexually
dimorphic extrinsic sonic muscles. Bilaterally
paired muscles were observed on the inner body
wall of males, surrounding the swimbladder. They
extended nearly the entire length of the body cavity
and attached to the lateral body wall musculature
by connective tissue (Fig. 7). We noted that the
color of the muscle changed seasonally, increasing
(A)

(B)
sm
sw

g

(C)

sw
g
Fig. 7. (A) Illustration of the location and sexual dimorphism
of sonic muscles in the striped weakfish (drawing of a fish
taken from Menezes and Figueiredo 2003); (B) photograph of
the body cavity of a sperm-producing male, showing the darkred sonic muscle during the spawning season; (C) photograph
of the right body wall of a pre-spawning female without sonic
muscle. sw, swimbladder; sm, sonic muscle; g, gonad.

in vascularization and deepening to a dark red
during the spawning season.
DISCUSSION
This study describes the suite of acoustic
characteristics that enable sound production by
male striped weakfish (Cynoscion guatucupa)
of varying sizes and how this sound is related to
spawning and disturbance behaviors. As in most
sciaenid species, male striped weakfish possess
sonic muscles, but they are absent from females
(Smith 1905, Tower 1908, Chao 1978, Hill et al.
1987, Connaughton et al. 2000).
In the striped weakfish, as in other weakfish (e.g., C. regalis), drumming behavior (advertisement calls) was correlated with spawning in
the field (Connaughton and Taylor 1994) and
in captivity (Connaughton and Taylor 1996).
Herein, we confirmed that the striped weakfish
advertisement call recorded in the field was similar
to voluntary calls recorded by fish in tanks during
the spawning season.
The striped weakfish produces a disturbance
call when handled. Each individual male fish
captured for the study was exposed to stimuli
that evoked disturbance calls. Disturbance calls
varied with a fish’s size, in that the pulse duration
increased with an increasing size of the fish.
Larger fish with longer muscles and presumably
longer fibers take longer to complete a twitch
(Connaughton et al. 2000). There were significant
differences between numbers of pulses in
advertisement calls and disturbance calls emitted
by the same individuals of striped weakfish, as
found among C. regalis, M. undulatus, and M.
furnieri (Connaughton et al. 2002b, Tellechea et al.

Table 3. Relationship for dominant frequency to LT (total length = cm), and dominant frequency to pulse
duration. Linear regressions, sample sizes (N), and correlations coefficient (r) for fish less than (Model 1)
and greater than (Model 2) according to the break points (BP) calculated by the model (See material and
methods)
Model 1
Sound parameters
Dominant frequency (Df)
BP
Relationship Df - Pd
BP
* p < 0.05.

LT < BP LT
Df = 803-17.1 LT
17.1 cm
Df = 719 - 3.29 Pd
7.17 ms

Model 2
N1
10

r1
-0.82*

LT > BP LT
Df = 575 - 3.78 LT

N2
35

r2
-0.83*

18

-0.68*

Df = 569 - 1.20 Pd

27

-0.56*
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2010). The pulses produced during advertisement
calls have longer inter-pulse intervals, suggesting
that disturbances cause a more-rapid pacing of
pattern generators in the central nervous system
than courtship vocalizations (Tellechea et al.
2010).
Ontogenetic changes in sound-emitting
sciaenids were correlated with the development of
sonic muscles, the swimbladder, and gonads (Hill
et al. 1987). The development of sonic muscles,
together with a fish’s size and water temperature,
determines characteristics of the sound parameters
(Connaughton et al. 1997). Sonic muscles of the
weakfish C. regalis undergo a yearly hypertrophyatrophy cycle whereby muscles increase in
thickness and mass during the spawning
season (Connaughton et al. 1994 1997). Sound
production by male weakfish (C. regalis) is also
seasonal and correlated with late-spring and earlysummer spawning activities in natural conditions
(Connaughton and Taylor 1995) and with courtship
behavior observed prior to spawning in captivity
(Connaughton and Taylor 1996). The size and
color of the sonic muscles change seasonally,
changing to a dark red during the spawning season
in C. regalis (Merriner 1976). As in the weakfish (C.
regalis), the coloration of the sonic muscles of the
male striped weakfish was darker in the spawning
season. This darkening occurs simultaneously
with dramatic seasonal variations in the sonic
muscle size, when the sonic muscle triples in mass
during the spring spawning season and decreases
to its pre-spawning mass by the end of the
summer in response to changing androgen titers
(Connaughton and Taylor 1994). Our observations
of the reproductive status, including male and
female gonad conditions (females with hydrated
oocytes and males producing milt when handled
and stripped), suggest that spawning activities for
this species coincide with peak drumming activity.
The sound frequency appears to be determined by the speed at which the sonic muscle
vibrates the swimbladder rather than by the
resonant frequency of the bladder (Connaughton
et al. 2002a). Connaughton et al. (2000) argued
that larger sonic muscles in weakfish require more
time to complete a twitch (Hill 1950, Wainwright
and Barton 1995), such that slower movement
of the bladder decreases the dominant pulse
frequency among larger fish, as found in M. furnieri
(Tellechea et al. 2010). Male striped weakfish
begin producing sounds as juveniles of 14-20 cm
TL, similar to the weakfish C. regalis (Connaughton
et al. 2000) and the whitemouth croaker M. furnieri
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(Tellechea et al. 2010). The inverse relationship
between the dominant frequency and pulse
duration in this study also supports the conclusion
by Connaughton et al. (2000 2002a) that slower
contractions produce a lower dominant frequency.
As striped weakfish (C. regalis) spawn at
night (personal observations in captivity and
in the field) when visibility is low, the acoustic
parameters of drumming sounds could provide a
valuable cue for female attraction and mate choice
(Connaughton et al. 2000). Although untested, it is
unlikely that weakfish perceive differences in pulse
durations of < 1 ms (Fay and Megala Simmons
1999). Variations in amplitude and frequency
with size, which are likely to be observed, may
indicate that acoustic pulses by weakfish are an
honest signal (Sargent et al. 1998) that permit
females to discriminate males on the basis of
their size (Connaughton et al. 2000). In the
Atlantic cod Gadus morhu (of the Gadidae), sound
production may also be an indicator of the size
of the signaler and may also reveal information
about an individual’s quality (Rowe and Hutchings
2004). The BP found at 17 cm in the relationship
between dominant frequency (of disturbance calls)
and TL corresponds to individuals that are 1-2
yr old (Vieira and Haimovici 1993), i.e., sexually
immature fish (Vieira and Haimovici 1997). Striped
weakfish show a size-age spatial distribution in the
study area, whereby juveniles (< 2 yr old) inhabit
brackish, warmer waters in the shallowest portion
of the Uruguayan coast, while adults are most
abundant in waters with high bottom salinities and
depth and low temperature (Jaureguizar et al.
2006 2009). If disturbance calls are used by males
for communication, the BP in the relationship
between the dominant frequency and size could
be an indicator of differential spatial distributions
of juveniles and adults, but more studies are
necessary to confirm this hypothesis.
Sounds produced by sciaenids have been
associated with the mating season since the early
20th century (Smith 1905), and are now routinely
used to monitor spawning populations in the field
(Mok and Gilmore 1983, Saucier and Baltz 1993,
Connaughton and Taylor 1995, Rountree et al.
2006). Variations in call quality with fish size in the
striped weakfish suggest that acoustic parameters
are a valuable non-invasive tool for fisheries
biologists to gather size and age data on males in
spawning populations.
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